Discussion
Dental plaque, more or less, adheres to the surface of calculus . It is considered that the bacteria and the matrix, of which plaque consists, calcify with time and that the amount of calculus increases accordingly. The authors observed that the surface structure from which the organic substances were removed had various structures in addition to the calcification of the bacteria and matrix. Sponge-like calculus ( Figs. 1 and 2 ) was observed most frequently. The size of the tubular holes almost corresponded with that of the bacteria. This means that only the matrix had calcified while the bacteria had not. Many reports [16 ,18] on similar structures, observed with the use of a scanning electron microscope , have been made, but there ate no detailed reports on the surface structures with calcification of the surroundings of the bacteria. The surface structure observed by the authors was not flat but irregularly granulated. It was considered to have calcified not by being in touch They were composed of small rod-shaped crystals of various sizes arranged radially from the center toward the direction of the cytoplasmic membrane with the cytoplasmic membrane but that the cell wall above the surface calcified. There was a space that remained uncalcified between the calcified bacteria and the calcified matter around them as shown in Fig. 3 , and it is considered to be a part of the cell wall in filamentous bacteria as observed with a transmission electron microscope [20] . The structure of calcified bacteria in carious dentin observed by KOMURO [21] is the same as this. Thus, the surface structure of the calculus observed by the authors is considered to be a calcified structure of the part of the glycocaryx which exists in the cell wall of the bacteria. The crystal patterns of the bacteria themselves were also observed. They seemed to be buried in the sponge-like calculus and cross sections showed irregular small granules with spaces around them. The authors observed some bacteria in the process of calcification. They were different from the calcified bacteria shown in Fig. 3 . The crystals, in small rod shapes, radiated from the center of the bacteria toward the cytoplasmic membrane and the whole area was considered to be calcified by filling the spaces between the crystals. As to whether the bacteria or the matrix calcifies first, when bacteria calcify to form calculus, is a controversial question. Rizzo et al. [22] and TAKAZOE et al. [23] reported that formalin-killed bacteria calcified faster than living bacteria. LIE et al. [20] observed the calcification of Bacterionema matruchotii in vitro with a transmission electron microscope and found intracellular and extracellular calcifications. It is considered that calcification varies depending on the condition and the species of bacteria. The authors' observations could not clarify which calcified first, the bacteria or the matrix, when dental calculus was formed.
It is known that there are two kinds of the dental calculus, A-center formed by the bacteria themselves and B-center formed without direct adherence of the bacteria [18] . Plate-like, leaflet-like and cube-like crystals are considered to belong to those of B-center. Their crystals were observed by LUSTMANN et al. [18] with a scanning electron microscope but the authors could not see the needle-like crystals they had observed. They also observed cuboidal crystals the same size as the ones observed by the authors. In addition, the authors observed leaflet-like crystals which were formed on the calculus that had the structure of sponge-like spherical masses with rather large diameters as a whole. This means that the B-center calculus was formed on the A-center calculus.
Conclusions
The authors have come to the following conclusions from observations, made with a scanning electron microscope, of the surface of calculus from which organic substances had been removed. 1) Various forms were observed on the surface of the calculus and many of them, which were of the same structure, were seen as a group in a certain area. The spongelike calculus was observed most often. Plate-like, leaflet-like and cube-like crystals were also observed.
2) The surface structure, considered to be formed by the calcification of the surroundings of the bacteria, was not flat but irregularly granular.
3) Cross sections of calcified bacteria appeared to be filled with irregularly granulated substances with narrow spaces around them. The bacteria which were in the process of calcification consisted of large and small crystals in small rod shapes radiating out from the center of the bacteria toward the cytoplasmic bacteria membrane.
